Abstract Sago pith residue is one of the most abundant lignocellulosic biomass which can serve as an alternative cheap substrate for fermentable sugars production. This residue is the fibrous waste left behind after the starch extraction process and contains significant amounts of starch (58%), cellulose (23%), hemicellulose (9.2%) and lignin (3.9%). The conversion of sago pith residue into fermentable sugars is commonly performed using cellulolytic enzymes or known as cellulases. In this study, crude cellulases were produced by two local isolates, Trichoderma asperellum UPM1 and Aspergillus fumigatus, UPM2 using sago pith residue as substrate. A. fumigatus UPM2 gave the highest FPase, CMCase and β-glucosidase activities of 0.39, 23.99 and 0.78 U/ml, respectively, on day 5. The highest activity of FPase, CMCase and β-glucosidase by T. asperellum UPM1 was 0.27, 12.03 and 0.42 U/ml, respectively, on day 7. The crude enzyme obtained from A. fumigatus UPM2 using β-glucosidase as the rate-limiting enzyme (3.9, 11.7 and 23.4 IU) was used for the saccharification process to convert 5% (w/v) sago pith residue into reducing sugars. Hydrolysis of sago pith residue using crude enzyme containing β-glucosidase with 23.4 IU, produced by A. fumigatus UPM2 gave higher reducing sugars production of 20.77 g/l with overall hydrolysis percentage of 73%.
deal of interest in utilizing lignocellulosic residue as a resource for the production of value added products such as enzymes, fermentable sugars and biofuel [12] . In recent years, many studies have been carried out on the efficient utilization of lignocellulosic biomass, especially agricultural residues as a substrate for cellulases production by fungi mainly Trichoderma species and Aspergillus species. For example, oil palm empty fruit bunch (OPEFB) [1] , rice straw [21] and sugarcane bagasse [18] had been utilized as cheap substrates to produce cellulases, which is later used to hydrolyze lignocellulosic biomass to fermentable sugars.
The enzymatic hydrolysis of lignocellulosic biomass to fermentable sugars involves three main groups of enzymes namely exoglucanase, endoglucanase and β-glucosidase. These enzymes work synergistically to enhance degradation of cellulose material into reducing sugars. Endoglucanase acts first on the amorphous region and then attacks randomly in between the chain to release small fibers with free reducing and nonreducing ends. Then, exoglucanase acts on the free reducing ends to release cellobiose which is later hydrolyzed by β-glucosidase into fermentable sugars. β-Glucosidase plays important roles in the process because they reduce the inhibitory effects of cellobiose on cellulases activity [20] .
Fibrous sago pith residue is a final waste product generated during the extraction process of sago starch in sago mills. Every 12 h of production of sago starch can generate approximately 237.6 tons of sago effluent that contains 7.1 tons of sago pith residue known as 'hampas' [5] . Annually, about 2,556 tons of sago pith residue are generated from sago mills. This waste is usually drained into nearby rivers together with sago effluent without proper treatment, thus leading to environmental problems. According to Apun et al. [2] , sago pith residue is abundantly and cheaply available especially in the state of Sarawak, Malaysia. Untreated sago pith residue contains 58% starch, 23% cellulose, 9.2% hemicellulose and 3.9% of lignin on dry weight basis [19] .
Previously, it was reported that sago pith residue could be used as a substrate for the production of laccase via Solid State Fermentation (SSF) using Pleurotus sajor-caju [13] and Pycnoporus sanguineus [25] . Sago pith residue also has the potential to be converted into fermentable sugars through acid and enzymatic hydrolysis. According to Kumoro et al. [14] , 0.6234 glucose per substrate (g g −1 ) was obtained when it was hydrolyzed with 1.5 M sulphuric acid at 90°C after 120 min, whereas using glucoamylase (6 AGU/ml), 0.5646 glucose per substrate (g g −1 ) was obtained within 30 min reaction time. As reported by Apun et al. [2] , bioconversion of sago pith residue to fermentable sugars by Bacillus amyloliquefaciens UMAS 1002 through SSF resulted in 1.03 g/l of reducing sugars. Amylase and cellulolytic enzymes were also detected in this study thus creating extra advantages in the degradation of sago pith residue since cellulose and starch are the main components.
However, direct microbial conversion of sago pith residue through SSF produces only a small amount of reducing sugars. This is because the reducing sugars produced were consumed by the microbe to grow and produce useful crude cellulases to degrade the crude fiber component in the sago pith residue. In order to enhance the production of reducing sugars, production of crude cellulases and reducing sugars require separate process. Therefore, based on this current trend of treating the waste, this study was carried out to develop an economical and environment-friendly process for the production of fermentable sugars using local microbial enzymes. The reducing sugars produced can be used as a feedstock in the production of bioethanol and biobutanol. This study also offers an alternative for a better utilization of sago wastes for value added products besides achieving zero waste strategies at mills.
Materials and Methods

Microorganisms
The locally isolated fungi Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2 were identified previously by Abu Bakar et al. [1] . Fungal cultures were grown at 30°C and maintained on potato dextrose agar (PDA) at 4°C for subsequent use.
Substrate
Sago pith residue was collected from a sago mill in Pusa, Sarawak and was oven-dried for 24 h at 60°C. Dried and ground sago pith residue was gelatinized at 75°C for 15 min before undergoing enzymatic hydrolysis using dextrozyme. After hydrolysis, the fiber part was separated from the sago starch hydrolysate through filtration. The fiber obtained was used as a main carbon source for crude enzyme production by T. asperellum UPM1 and A. fumigatus UPM2. The cellulose, hemicellulose and lignin content in sago pith residue were determined according to Goering and Van Soest [7] . The lignocellulosic composition of treated sago pith residue used in this study consisted of 37% cellulose, 20% hemicellulose and 6% lignin.
Production of Crude Enzyme
Individual cultures of T. asperellum UPM1 and A. fumigatus UPM2 were grown on PDA and incubated at 30°C for 7 days. The spore suspension was harvested using 15 ml of sterile distilled water containing 0.1% (v/v) Tween 80. The surface was gently rubbed with a sterilized hockey stick and the spore suspension was transferred into a sterilized universal bottle for subsequent use. Fermentations were carried out in 250-ml shake flasks. For each flask, 1.5 g of substrate was added and autoclaved at 121°C for 15 min. The working volume for fermentation was 150 ml and inoculated with fungi spore suspension of 1×10 6 ml −1 . The media composition used for enzyme production were as follows: Mandel medium (g/l): 2.0 g KH 2 PO 4 , 0.3 g MgSO 4 7H 2 O, 0.3 g CaCl 2H 2 O, 2.0 g CoCl 2 , 1.6 g MnSO 4 H 2 O, 5.0 g ZnSO 4 H 2 O, 2.0 ml Tween 80 and 1 ml trace element. All flasks were incubated for 8 days at 30°C with agitation speed of 150 rpm on a rotary orbital shaker. The experiment was carried out in triplicates. Samples were withdrawn every 24 h throughout the period of 8 days for analysis.
Saccharification
Saccharification was performed using a crude enzyme obtained through submerged fermentation of T. asperellum UPM1 and A. fumigatus UPM2, respectively. Enzymatic hydrolysis of sago pith residue was carried out at biomass loading of 5% (w/v) in 100 ml of 0.05 M acetate buffer pH 4.8. All the flasks were incubated for 3 days on a rotary shaker with agitation speed of 200 rpm at 50°C. Samples were collected every 24 h and centrifuged at 3,500 rpm for 10 min before being subjected to reducing sugars determination using the dinitrosalicylic acid (DNS) method [17] . The experiments were performed in triplicates. The glucose yields were calculated as [reducing sugars (g/l) × 0.9 × 100]/initial glucan in biomass. Hydrolysis of polysaccharides involves water. For every 1 mol reducing sugar released, 1 mol H 2 O is required. A correction factor of 0.9 was therefore included in the calculation of the amount of polysaccharides hydrolyzed.
Analytical Methods
The cellulases enzyme activity was measured according to Wood and Bhat [26] and reducing sugars were determined by the DNS method [17] using glucose as standard. One unit activity of FPase and CMCase were defined as the amount of enzyme required to produce 1 μmol reducing sugars/min. Meanwhile, one unit activity of β-glucosidase was defined as the amount of enzyme required to release 1 μmol p-nitrophenol/min. The soluble protein content of the culture broth was measured based on the method proposed by Lowry et al. [15] . Amylase activity was assayed according to Bernfeld [4] .
For saccharification, the total activity of β-glucosidase in Unit (U) was obtained by using the following equation.
Total activity ðUÞ ¼ Enzyme activity ðU=mlÞ Â Volume of enzyme used ðmlÞ
Results and Discussion
Crude Enzyme Production
Cellulases are inducible enzymes that require carbon sources to induce cellulases production by cellulolytic cultures. Production of cellulases was carried out in submerged fermentation using sago pith residue as carbon source. The lignocellulosic composition of the treated sago pith residue used in this study consisted of 37% cellulose, 20% hemicellulose and 6% lignin. Based on the cellulose and hemicellulose composition, sago pith residue could serve as a good substrate for the production of cellulases. Figure 1 shows the profile of cellulases production by T. asperellum UPM1, A. fumigatus UPM2 and mixed cultures. In this study, the cellulases activity produced by A. fumigatus UPM2 was progressively increased and it achieved the maximum value on day 5. The highest activity of FPase, CMCase and β-glucosidase by A. fumigatus UPM2 was 0.39, 23.99 and 0.78 U/ml, respectively. Meanwhile, the highest activity of FPase, CMCase and β-glucosidase by T. asperellum UPM1 was 0.27, 12.03 and 0.42 U/ml, respectively, on day 7. The mixed cultures results were FPase, CMCase and β-glucosidase up to 0.34, 22.01 and 0.63 U/ml, respectively.
In comparison to T. asperellum UPM1 and mixed cultures, A. fumigatus UPM2 resulted in higher activities of FPase, CMCase and β-glucosidase. This may be due to the suitability of sago pith residue as a substrate for cellulases production by A. fumigatus UPM2. However, Abu Bakar et al. [1] found that A. fumigatus UPM2 produced higher activities of FPase (0.6 U/ml) and CMCase (28.19 U/ml) while T. asperellum UPM1 produced high β-glucosidase (2.9 U/ml) activity when using OPEFB as substrate as shown in Table 1 . As reported by Khan et al. [11] , different substrates and types of fungus influenced cellulases production. Treated OPEFB contains 53% cellulose, 19% hemicellulose and 8.3% lignin [24] while sago pith residue consists of 37% cellulose, 20% hemicellulose and 6% lignin. The differences in the compositions of cellulose, hemicellulose and lignin in OPEFB and sago pith residue might affect the crude cellulases production in this study. In mixed cultures, competition for nutrient and carbon sources among the strains might contribute to low cellulases activity. This result also shows there is no strain compatibility thus leading to lack of synergism of enzymes between the low cellulases producer (T. asperellum UPM1) and the high cellulases producer (A. fumigatus UPM2). Besides that, the depression of cellulase activity may be due to the accumulation of cellobiose, a dimer of glucose, which can inhibit the activity of both endoglucanase and β-glucosidase as reported by Howell [9] .
Based on amylase activity, both strains can also produce amylase because some starch may be trapped inside the sago pith residue. This amylolytic enzyme degraded the starch component of the sago pith substrate into fermentable sugars. Figure 2 shows the profile of amylase activity secreted by T. asperellum UPM1, A. fumigatus UPM2 and mixed cultures. The fermentation results showed that A. fumigatus UPM2 and mixed cultures resulted in highest amylase activity on day 4, which are 1.923 and 1.150 U/ml, respectively. T. asperellum UPM1 showed the highest amylase activity, up to 0.606 U/ml on day 6. Reducing Sugars and Soluble Protein Production Figure 3a shows the reducing sugars released within the 8-day fermentation period. The simple sugars produced were subsequently used as a carbon and energy source for the growth of the microorganisms and for cellulases production during the fermentation process.
In the early days of the fermentation period, the reducing sugars were high because of the availability of the remaining sugars in the substrate after the dextrozyme treatment. Dextrozyme was used to hydrolyze starch into fermentable sugars. In this study, the reducing sugars increases proportionately as the enzyme activity increases. The decrease in value of reducing sugars started at day 5 of fermentation and this correlated to the decrease of cellulases activity and due to the consumption by fungal cell. The protein of the culture extract during the fermentation is shown in Fig. 3b . The increase of the protein content in the culture extract might be due to the growth of the fungus and the secretion of enzymes such as cellulases and hemicellulases involved in the degradation of the sago pith residue. Azhari et al. [3] and Shahrim et al. [22] also reported that the production of reducing sugars and soluble protein during cellulases fermentation was very much associated with the enzyme production. Fig. 2 Profile of amylase produced during submerged fermentation of T. asperellum UPM1 (filled diamond); A. fumigatus UPM2 (filled square) and mixed cultures (filled triangle) using sago pith residue The crude enzyme produced by T. asperellum UPM1 (2.1 I.U of β-glucosidase) and A. fumigatus UPM2 (3.9 I.U of β-glucosidase) were used for saccharification. Based on the calculation of the amount of polysaccharides hydrolyzed, the potential sugars derived from sago pith residue was 28.5 g/l. Figure 4 shows the reducing sugars produced from saccharification of sago pith residue using crude enzyme produced by each strain, T. asperellum UPM1 and A. fumigatus UPM2. In this experiment, the amount of reducing sugars increased Fig. 4 Reducing sugars production in saccharification of sago pith residue using crude enzyme from T. asperellum UPM 1 (empty diamond) and A. fumigatus UPM2 (empty square) progressively in the presence of enzyme. Bioconversion of sago pith residue using crude enzyme by A. fumigatus UPM2 gave the highest reducing sugars production, which was 9.37 g/l at day 3 of the saccharification period. Meanwhile, bioconversion using crude enzyme by T. asperellum UPM1 produced up to 6.61 g/l reducing sugars. When the crude enzyme produced by T. asperellum UPM1 was applied in the fermentation, cellobiose accumulated because of the lack of β-glucosidase activity in the enzyme complex. The deficient β-glucosidase activity may retard the effectiveness of endo-and exo-glucanases, thereby decreasing the overall rate of hydrolysis. It could be noted that reducing sugars production by both crude enzymes UPM1 and UPM2 was almost constant after 48 h of hydrolysis. This might be also due to the specific binding of enzymes with the substrate, as it is widely acknowledged that the hydrolysis of lignocellulosic substrate is influenced by the effectiveness of the enzyme and the substrate [16] . When substrate concentration used was beyond optimum level, the active sites became saturated and thus led to decrease of enzyme activity after 3 days of incubation. Therefore, hydrolysis and the ability of the enzyme to degrade sago pith residue was also decreased.
In order to enhance the production of reducing sugars, the different total β-glucosidase activities of crude cellulases from A. fumigatus UPM2, which were 11.7 and 23.4 IU, were tested. β-Glucosidase is the rate-limiting enzyme in this process because its responsible for the complete hydrolysis of cellulose to reducing sugars as reported by Kadam and Demain [10] and Harhangi et al. [8] . A sufficient amount of β-glucosidase also prevents the accumulation of cellobiose, thus allowing endoglucanase and exoglucanase enzymes to function more efficiently. Figure 5 shows the effects of the different activities of β-glucosidase on the conversion of sago pith residue into reducing sugars. There was progressive increase in reducing sugars concentration within 0-48 h saccharification. The concentration of reducing sugars was constant after day 3 for both different activities. The hydrolysis using 23.4 IU of β-glucosidase of crude enzyme from UPM2 yielded higher production of reducing sugars when compared to 11.7 IU. About 20.77 g/l reducing sugars was released and the bioconversion achieved was 73% after 3 days saccharification process. Saccharification using 11.7 IU of β-glucosidase resulted in 16.93 g/l reducing sugars, which corresponded to a 59% conversion. By increasing the enzyme concentration, the number of active sites that took part in the hydrolysis would increase. Thus, more active sites would convert the sago pith residue into reducing sugars. According to Sun and Cheng [23] , the increasing of cellulases loading from 5 to 15 FPU/g of rice straw, improved the cellulose conversion efficiency up to 38% within the first 2 h of saccharification without β-glucosidase loading. When β-glucosidase, 25 CBU/g of rice straw was supplemented into Reducing sugars production from saccharification of sago pith residue using; 11.7 IU (empty square) and 23.4 I.U (empty triangle) of β-glucosidase of crude enzyme from A. fumigatus UPM2 the system, the conversion of cellobiose to reducing sugars was complete. This showed that, the conversion of cellobiose to reducing sugars could be improved by increasing the enzyme activity. In comparison to a study done by Azhari et al. [3] , the hydrolysis of sago pith residue by crude cellulases from A. fumigatus UPM2 resulted in higher reducing sugars which is 20.77 g/l meanwhiles hydrolysis of OPEFB by crude and partial purified cellulases from Aspergillus niger EB4 resulted in 4.37 g/l (9% conversion) and 7.7 g/l (15% conversion) of reducing sugars, respectively. This result indicates that the efficiency of enzymatic hydrolysis is also influenced by chemical composition of the substrate and composition of individual enzymes of the total cellulases as mentioned by Gao et al. [6] .
Conclusion
This present study showed that sago pith residue can serve as a cheap alternative for fermentable sugars production using crude enzyme from A. fumigatus UPM2. A. fumigatus UPM2 gave the highest activities of FPase, CMCase and β-glucosidase which were 0.39, 23.99 and 0.78 U/ml, respectively, as compared to T. asperellum UPM1 and mixed cultures. The saccharification of sago pith residue using crude enzyme from A. fumigatus UPM2 gave higher yield of reducing sugars (up to 9.37 g/l) than hydrolysis using crude enzyme from T. asperellum UPM1. By using 23.4 IU of β-glucosidase activity of crude enzyme from A. fumigatus UPM2, the reducing sugars produced from the hydrolysis increased up to 20.77 g/l, which was a 55% yield increment.
